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In the present study, a new type of sandwich panels with prismatic cores, which are capable of load bearing as well as
cooling, is optimized to have minimum weight and maximum heat transfer performance. In order to simultaneously min-
imize the total weight and maximize the heat transfer performance, a multi-objective optimization approach has been
developed using genetic algorithms. A set of compromised solutions, known as the tradeoﬀ surface, is obtained. The trade-
oﬀ information between the two objectives is exploited in terms of multi-functionality of the sandwich panels, and the rela-
tion between the two objectives is quantiﬁed in the present study. The detailed conﬁgurations and dimensions of the
sandwich panels at the optima are provided. Some basic characteristics of the sandwich panels with prismatic cores have
been observed in terms of their multi-functionality.
 2007 Elsevier Ltd. All rights reserved.
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performance1. Introduction
For decades a lot of interest has been drawn to cellular solids because of their special properties such as
high strength, low weight and high surface area density. Advances in low-cost synthesizing techniques make
cellular solids more and more popular in industry (Wadley et al., 2003). In fact, a lot of applications in high
power electronic packaging, aviation equipment, etc. have been found. Evans et al. (2001) have compared the
performance beneﬁts from periodic cellular and stochastic cellular solids and concluded that the former were
superior to the latter because they could be designed to optimize the mechanical and other performances
simultaneously (i.e., multi-functionality) by placing materials at locations where needed. Therefore, optimiza-
tion of this kind of structures is the key point to the success of the above-mentioned synthesizing technique.
Many researchers have been attracted to this ﬁeld of research (Lu, 1999; Gu et al., 2001; Bart-Smith et al.,
2001; Wicks and Hutchinson, 2001; Liu and Lu, 2004; Valdevit et al., 2004; Rathbun et al., 2005; Tian and0020-7683/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijsolstr.2007.01.006
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Nomenclature
n the number of layers
H the depth of the panel
W the width of the panel
w the width of one unit column
r normal stress
rY yielding stress
E Young’s modulus
m Poisson’s ratio
K buckling coeﬃcient
q density
h local heat transfer rate
h overall heat transfer rate
k thermal conductivity
p pressure
a cell size
t kinematic viscosity
t thickness
L the length of the panel (same magnitude as l)
b width of the plates in buckling analysis
wn the width of the unit column of a n-layer core
s shear stress
M the maximum of bending moment per unit width
V the maximum of shear force per unit width
T temperature
Tw the constant temperature at both surfaces
v velocity
v0 ﬂow velocity at the entrance
Subscripts
r face sheet
c core sheet
f ﬂuid
s solid
X.H. Tan, A.K. Soh / International Journal of Solids and Structures 44 (2007) 5466–5480 5467Lu, 2005; Lu et al., 2005; Valdevit et al., 2006). However, Valdevit et al. (2006) found that ‘‘the structurally
optimized panels have appreciably diminished thermal performance, relative to their thermally optimized
counterparts’’. This was because the structural and thermal optimizations were carried out separately. Thus,
how the two optimization objectives aﬀect each other and to what extent the two objectives are conﬂicting
remain unknown. Therefore, there is a need to carry out simultaneous structural and thermal optimizations
to establish guidelines for the design of the most eﬃcient sandwich panels. Therefore, the objective of the pres-
ent study is to propose an approach to solve multi-objective optimization problems in prismatic sandwich pan-
els and, hence, evaluate the weight and thermal eﬃciencies of the sandwich panel and determine its eﬃcient
geometry using genetic algorithms.
Genetic algorithms (GA) are stochastic searching algorithms (Michalewicz, 1996), which are capable of
obtaining the best solution or a solution near the optimum by modeling some natural phenomena based on sur-
vival of the ﬁttest. Since genetic algorithms combine the directed and stochastic searchingmethods, they aremore
robust than the former currently in use. In particular, formulation ofmulti-objective genetic algorithms (Fonseca
and Fleming, 1998; Deb et al., 2002) is a more promising approach for solving optimization problems.
Fig. 1. Schematic of a sandwich panel and a unit column of its core: (a) one-layer case (n = 1) and (b) multi-layer case (n = 3). h = 60.
5468 X.H. Tan, A.K. Soh / International Journal of Solids and Structures 44 (2007) 5466–5480Since the present study is a ﬁrst attempt to correlate the cell geometry and the multi-functionality of sand-
wich panels, only one type of cell morphology, as shown in Fig. 1, is considered. This type of cell morphology,
which could be conceived as a combination of honeycomb and diamond structures, is chosen based on the
ﬁndings of Valdevit et al. (2004) and Gu et al. (2001), who found that a diamond structure was weight eﬃcient
and favorable to ﬂow transportation and a honeycomb structure was the best candidate for heat dissipation
compared with several other geometries.
The manuscript is organized as follows. In Section 2, the mechanical properties and heat transfer perfor-
mance are analyzed. In Section 3, the multi-objective optimization problem is formulated. The results and dis-
cussion are presented in Section 4. Finally, the conclusions are drawn in Section 5.
2. Analysis
The primary functions of the sandwich panels considered in the present study are load sustaining and heat
dissipation. Therefore, the objectives of the optimization problem can be summarized as follows: to minimize
the weight of the sandwich panel under certain loading conditions and to maximize the heat transfer perfor-
mance of the said panel concurrently.
2.1. Mechanical properties and identiﬁcation of failure mechanisms
Fig. 1 shows the geometries of a one-layer and a multi-layer sandwich panel, which are subjected to bending
moments and shear forces only. Note that the cell shape considered is hexagonal with each of the six angles
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width of the sandwich panel. Due to periodicity, the properties of one column of the panel are studied. Denote
the maximum bending moment and shear force per unit width byM and V, respectively, and the ratio l M/V
is deﬁned as a quantity with dimension of length. All other length parameters are normalized with respected to
this length scale l. Note that the present study is limited to relatively thin plates: i.e., H/l 6 0.2. Moreover, the
thicknesses of the upper and lower face sheets are assumed to be the same and the core and face sheets are
made from the same material.
Due to the resemblance of the current cell morphology to the diamond prismatic core proposed by Valdevit
et al. (2004),1 the detailed analysis and veriﬁcation of the failure mechanisms will not be provided since they
have already been described by the latter. The failure mechanisms include face yielding, face buckling, core
yielding and core buckling. All of the failure criteria are given as follows.
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¼ 1 for nP 2 ð8Þin which Ks = 5.35, and Kr = 7.81 when j = 1 and Kr = 4 when j > 1 (refer to Fig. 1(b) for deﬁnition of j) in
view of the following reason. In the core plates where j > 1, the normal stress distribution could be expressed
as r ¼ r0ð1 cb yÞ, where b, r0 and c are the width of the plate, the maximum stress and a numerical factor,
respectively (Allen and Bulson, 1980). With the increase of j from 2 to inﬁnity, c decreases from 0.5 and
approaching zero, and Kr is correspondingly decreased from 5 to 4 (Allen and Bulson, 1980). Thus, the value
of 4 is conservatively chosen for Kr when j > 1. The stress states at diﬀerent core locations (based on diﬀerent j
values) are compared and the greatest one is chosen to determine the core buckling condition.2.2. Evaluation of the eﬃciency of heat transfer
Fig. 1 shows that a convective ﬂow is forced across the core of a sandwich panel to enhance the cooling
eﬀect. The sandwich panel has isothermal boundary conditions at the upper and lower surfaces, Tw. In the
present study, the corrugated wall model proposed by Lu (1999) is employed to evaluate the heat transfer per-
formance of the sandwich panel shown in Fig. 1. Since the eﬀects of radiation are small (Lu, 1999), they are
neglected in this study. To focus on the correlation between diﬀerent functions of sandwich panels, only lam-
inar ﬂows are allowed in all the channels by constraining the pumping power. Refer to Valdevit et al. (2006)
for various ﬂow possibilities. Although the experimental work from Lu et al. (2005) shows that Nusselt num-
ber increases with Reynolds number in the laminar regime due to the dominance of entry eﬀects, in current
study the entry eﬀects are neglected due to the relative small entrance region of laminar ﬂows compared to
the length of the channel and also for the conservative consideration.
With reference to Fig. 2, the overall heat transfer coeﬃcient can be obtained as:h ¼ h 1 1:5 tc
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for nP 2 ð10Þwhere h is the heart transfer coeﬃcient given by h ¼ 3:353 kfa .
A commonly accepted measure of heat transfer performance is the ratio of the overall heat transfer rate to
the pumping power needed to force the ﬂow through, i.e., h=Dp. Thus, a non-dimensional scaling index P1 is
introduced to evaluate the heat transfer performance (Asako et al., 1988 and Lu, 1999) as follows:P1 ¼
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for nP 2 ð12Þwhere Dp ¼ ðL=aÞð2 15:065Re1qfv2f Þ ¼ 30:13tfqfvfL=a2 and vf = v0(1 + tc/2a)2.3. Formulation for optimization
There are two objectives in this optimization problem. One has been established above using Eqs. (11) and
(12). The other is the normalized weight of the panel:
Fig. 2. Corrugated wall without ﬁn attachments and deﬁnition of local coordinates: (a) one-layer case (n = 1) and (b) multi-layer case
(n = 3), h = 60.
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lThe mathematical formulation of the optimization approach is summarized as follows.3.1. One-layer case
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Minimize P2 ¼ 2tr þ 2tclunder four mechanical constraints, Eqs. (1), (3), (5), (7) and the following two geometrical constraints:1 2tr=H P 0
1 0:001=ðH 2trÞP 0The ﬁrst of the geometrical constraints is to ensure that the sum of the thickness of the two face sheets does not
exceed the thickness of the whole panel. The second is on cell size, which must be greater than or equal to the
fabrication limit imposed by the current best fabrication technique.
The parameters involved in this optimization fall into three categories: i.e., mechanical property, thermal
property and geometry related parameters. The current optimization is limited to the geometry related
5472 X.H. Tan, A.K. Soh / International Journal of Solids and Structures 44 (2007) 5466–5480parameters by prescribing the mechanical and thermal properties. By noting that a = H  2tr, the basic
parameters involved in the optimization analysis are tr/l, tc/l and H/l.
The mechanical and thermal parameters are kept the same for all the calculations carried out in this study.
In all failure mechanisms related constraints, there is a term, i.e., V2/EM, which reveals the loading conditions.
In this analysis, four loading conditions given by
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
V 2=EM
p
¼ 0:0005, 0.001, 0.0015, and 0.002, which are
called load 1, load 2, load 3, and load 4, respectively, are considered. High strength aluminum (rY/
E = 0.007, m = 1/3) is chosen for the present study. The thermal properties to be prescribed are the thermal
conductivities of the solid and ﬂuid: ks = 200 W/(mK) for aluminum and kf = 0.026 W/(mK) for air.
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lunder four mechanical constraints, Eqs. (2), (4), (6), (8) and two more geometry ones:1 2tr=H P 0
1 0:001n=ðH 2tr  ðn 1ÞtcÞP 0In addition to all the basic parameters mentioned in the one-layer case one more parameter, i.e., the no. of
layers of cells in a sandwich panel n, is involved.
3.3. Formulation of genetic algorithms
Multi-objective genetic algorithms are used to carry out optimization on the objective functions subjected
to constraints, as presented in Sections 3.1 and 3.2. For a one-meter long panel, the upper limit imposed on the
depth of the panel is H/l 6 0.2, and the lower and upper limits imposed on the thickness of the face and core
sheets are 0.00006 6 tr/l 6 0.1 and 0.00006 6 tc/l 6 0.000125, respectively, based on manufacturers’ data
(Euro-composites, 2004) and geometry requirements.
Since real number encoding normally achieves better solutions than binary encoding (Deb et al., 2002), the
former is adopted for one-layer case. However, for the multi-layer case, since two types of parameters are
involved a real-integer combined encoding is needed, which is achieved in the following manner. First of
all, randomly generate a population, i.e., the parent population, which consists of a number of population size
chromosomes. Each chromosome is composed of four parts (refer to Fig. 3). After the crossover, tournament
selection and mutation processes, another population, i.e., the child population, is generated. Since the real-
encoded crossover and mutation methods are adopted, the integer parameter n from the parent population
becomes a real number in the child population, called child 0. Based on child 0, two new child populations,
called child 1 and child 2, are generated. The three real parameters in child 1 and 2 are kept the same as their
counterparts in child 0 while the integer parameter, n, is obtained after some modiﬁcation of n0 in child 0. The
value of n of each chromosome in child 1 is set to be the integer part of n0 of its corresponding chromosome in
child 0 (int(n0)) and that of child 2 is set to be the integer part of n0 plus 1 (int(n0) + 1). After comparing the
ﬁtness of the two sets of solutions (child 1 and child 2) using the merging and sorting operators, a new pop-
ulation with better ﬁtness and also integer number of n is obtained. By taking the new population as the parent
population, a new cycle starts. As the cycle goes on, an evolution is carried out until the process converges.
The ﬂow chart of the multi-objective optimization is shown in Fig. 4.
It is a known fact that the GA has some basic characteristics in considering parameter selection. The pop-
ulation size should be neither too big nor too small because the former requires a lot of computation time,
whereas, the latter means the possible space is not fully searched. In general, a mutation process is to prevent
the GA from falling into local extremes. Generally, too big the mutation probability can cause a random
Fig. 4. Flow chart of multi-objective genetic algorithms.
Fig. 3. Relation between population, population size, chromosome and generation.
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over probability is around 80–95%.
Several sets of GA parameters are tested and the best one, based on the consideration of optimization
results, convergence and computation time, is determined as follows:One-layer case: Multi-layer case:
Population size = 256 Population size = 512
Maximum number of
generations = 1600Maximum number of
generations = 3200Crossover probability = 0.8 Crossover probability = 0.8
Mutation probability = 0.05 Mutation probability = 0.05
5474 X.H. Tan, A.K. Soh / International Journal of Solids and Structures 44 (2007) 5466–5480Fig. 5. The tradeoﬀ curve of the multi-objective optimization in the objective space.4. Results and discussion
4.1. The envelop curve of a two-objective optimization problem
It is a known fact that in the case of a single-objective optimization, a single optimal solution would be
obtained, which can be presented as a zero-dimensional dot in the objective space. However, in the case
of a two-objective optimization, whether a single optimal solution would be obtained depends on the relation
between the two goals of the optimization problem. If the two goals are competing, it is impossible to obtain
a single optimal solution because the two goals are unable to reach their optimums concurrently at the same
parameter set. The present optimization problem falls into this category and, thus, the optimal solution spans
into a curve in the objective space, called tradeoﬀ curve or Pareto-optimal solutions (Obayashi et al., 2004),
which envelops the searching space, as shown in Fig. 5. Fig. 5 clearly shows that there is no such point where
the optimums of P1 and P2 are reached concurrently. Thus, the quality of all the points on the curve in Fig. 5
is equally good when no further information is available. Therefore, each point on the tradeoﬀ curve indicates
a set of local optima of the two goals. In other words, each point on the curve shows the minimum weight of
the panel at certain required heat transfer performance; alternatively, the said point shows the maximum heat
transfer performance the panel could achieve at certain weight of the panel. The tendency of the tradeoﬀ
curve shows that in order to enhance the heat transfer performance, the weight of the panel has to be
increased. Alternatively, in order to lower the minimum weight of the panel, the heat transfer property
has to be sacriﬁced. Similar qualitative results have been found by Valdevit et al. (2006). However, due to
the fact that the thermal and structural objectives are optimized separately in their work, the detailed quan-
titative information on the relation between the two objectives can not be obtained. To the best of our knowl-
edge, the present study is the ﬁrst to provide such information required for the design of multi-functional
sandwich panels.
4.2. Optimization results and discussion
A one-meter long aluminum sandwich panel is optimized to minimize its total weight as well as to maximize
its heat transfer performance subject to certain mechanical and geometry constraints as described in Section 3.
The optimization is carried out for two diﬀerent cases. In the ﬁrst case, the core of the sandwich consists of
only one layer of cells. Whereas, in the second case, the core of the sandwich is composed of multi-layers of
cells, and the number of layers needs to be optimized. Four loading conditions are applied to the panel in both
cases, which are given by
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
V 2=EM
p
¼ 0:0005, 0.001, 0.0015, and 0.002. The results are shown in Figs. 6 and 7
for the case of one-layer and multi-layer, respectively. It is obvious that all the relations and trends that appear
in the multi-layer case are quite the same as those of the one-layer case. Therefore, the following discussion is
demonstrated by the one-layer case except when comparison of the two cases is needed.
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Fig. 6(a) shows the tradeoﬀ curve in the objective space; and Fig. 6(b)–(f) show the plots of P1, P2, tr/l, tc/l
and H/l versus the chromosome number in population, respectively. As discussed in the previous subsection,
the tradeoﬀ curve could act as a guideline for optimal designs. For example, if a panel is required to have a
normalized heat transfer performance of 4.23 · 105, a normalized minimum weight of 3.66 · 103 can be
read out from Fig. 6(a). Fig. 6(b) and (c) show that the 136th chromosome achieves these goals. Subsequently,
from Fig. 6(d)–(f), the dimensions of the optimized panel can be determined. Similar sets of guiding charts can
be prepared for other loading conditions.
4.2.2. The relation between two goals
For easy comparison, all the tradeoﬀ curves of the four loading conditions are plotted together in
Fig. 6(g), which can be divided into two parts, i.e., a relatively linear part in which the heat transfer eﬃ-
ciency increases rapidly with increasing weight of the panel, and a curved part in which the increase of the
heat transfer eﬃciency is gradual till it approaches a constant value with increasing weight of the panel.
The above curves show that although increasing the weight of the panel at proper locations may have a
positive eﬀect on the heat transfer performance, there is still a turning point after which the increase of
the weight has little eﬀect on the enhancement of heat transfer performance regardless of the loading
conditions.
4.2.3. The relation between the normalized weight and load level
Fig. 6(g) shows that at the same heat transfer eﬃciency level, the normalized weight increases with increas-
ing load. The question arising from this reasonable observation is how the weight increases as the load level
gets higher? Thus, there is a need to study the relation between the normalized weight and load level when the
heat transfer eﬃciency is kept unchanged. Fig. 6(h) shows the plots of the normalized weight versus the load
level at several levels of heat transfer performance. It is obvious that when the normalized heat transfer eﬃ-
ciency, P1, is not greater than 4.22 · 105, the normalized weight, P2, is proportional to the square root of the
load level,
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
V 2=EM
p
. This indicates that the structure is eﬃcient in terms of the ability of load-sustaining.
Once the normalized heat transfer eﬃciency exceeds 4.22 · 105, the curve of P2 versus
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
V 2=EM
p
is bilinear
and the slope increases, which means that a little increase in load will require a much higher weight increase to
sustain it. In these circumstances, the structure is not eﬃcient as far as the ability of load-sustaining is con-
cerned. By comparing Fig. 6(g) and (h), it is easy to discern that the load-eﬃcient and load-ineﬃcient parts
in Fig. 6(h) correspond to the linear and curved parts in Fig. 6(g), respectively.
4.2.4. The greatest achievable heat transfer eﬃciency—an intrinsic property
From Fig. 6(g) and Fig. 7(a), it can be clearly seen that the greatest achievable heat transfer eﬃciency
is almost the same for all the loading conditions in both the one-layer and multi-layer cases. Moreover,
Tables 1 and 2 clearly show that the optimal dimensions at diﬀerent loading conditions are diﬀerent when
the greatest achievable heat transfer eﬃciency is achieved. It can be inferred from the above facts that
after the turning point, the weight may be increased for sustaining more loads, but the heat transfer eﬃ-
ciency beneﬁts little from geometry and weight changes. The unchanged greatest heat transfer performance
is an intrinsic property associated with certain cell morphology and material properties. Although at this
heat transfer eﬃciency the structure may not be eﬃcient in terms of load sustaining, the said eﬃciency
could be taken as an extreme limit to check whether a certain morphological design can satisfy the heat
transfer requirement.
4.2.5. Comparison of the one-layer and multi-layer cases
Comparison of the tradeoﬀ curves for the one-layer and multi-layer cases at diﬀerent loading conditions is
presented in Fig. 8. It is easy to discern that the multi-layer case has a much better optimal multi-functionality
due to the following reasons: (i) the multi-layer core has a greater heat transfer eﬃciency than that of the one-
layer core when both cores have the same normalized weight and are subjected to the same loading conditions;
and (ii) the multi-layer case can reach a much higher heat transfer eﬃciency that the one-layer case cannot
achieve (the former is almost 15 times great than the latter).
Fig. 6. Optimization results obtained after convergence for the one-layer case.
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Fig. 7. Optimization results of the multi-layer case.
Table 1
The optimal solutions at the greatest heat transfer eﬃciency for diﬀerent loading conditions in the one-layer case
P1 P2 tr/l tc/l H/l
Load 1 4.25E05 5.02E03 1.45E03 1.06E03 1.67E01
Load 2 4.25E05 2.49E02 1.13E02 1.18E03 2.00E01
Load 3 4.24E05 3.13E02 1.41E02 1.55E03 2.00E01
Load 4 4.23E05 3.46E02 1.54E02 1.89E03 2.00E01
Table 2
The optimal solutions at the greatest heat transfer eﬃciency for diﬀerent loading conditions in the multi-layer case
P1 P2 tr/l tc/l H/l n
Load 1 6.46E04 2.57E02 8.06E05 1.25E04 9.23E02 82
Load 2 6.46E04 2.51E02 7.71E05 1.25E04 9.00E02 80
Load 3 6.46E04 2.51E02 9.46E05 1.25E04 9.01E02 80
Load 4 6.47E04 3.01E02 8.54E04 1.25E04 1.04E01 91
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adopted for thermal property analysis.
4.2.6. Qualitative analysis on the eﬀect of material properties
Although the eﬀect of material properties on the multi-functionality is not analyzed quantitatively, a
simple qualitative analysis can provide some clues about choice of materials, for which the relevant terms
Fig. 8. Comparison of tradeoﬀ curves for the one-layer and multi-layer cases.
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presented in Section 2.1, it can be seen that the term, rY/E, is involved in all the mechanical constraints;
and the greater the value of rY/E is, the harder the constraints are violated. It means that a greater value
of rY/E is desirable. Whereas, it is found, from Section 2.2, the term kf/ks only aﬀects the heat transfer
performance in such a manner that the increase of the former causes an enhancement in the latter refer-
ring to Eqs. (11) and (12). In summary, the materials should possess as high ratios of rY/E and kf/ks as
possible.
4.2.7. Comparison with the optimization results obtained by others
Valdevit et al. (2004) have accomplished a structural optimization study on sandwich panels with diamond
cores. The numerical package called IMSL was employed. The number of layers n was not taken as an opti-
mization parameter in their study and, hence, the optimization procedure was carried out several times for
diﬀerent n values in order to estimate the trend of the relation between the weight and n. After optimizing
the panels for n = 1, 2 and 4, they found that a diamond core panel with n = 2 had essentially performed
equally well as compared with a corrugated core (n = 1) panel at the same weight. Moreover, by comparing
the results for n = 2 and n = 4 they found that it was not beneﬁcial to increase the order of corrugation. Sim-
ilar results have been found in the present study that the one-layer sandwich panels have the best weight eﬃ-
ciency despite the fact that the smallest weight index found in the multi-layer sandwich panels diﬀers only
slightly from the said eﬃciency of the former. It is worth noting that their optimization method was not as
reﬁne as the proposed method here.
Table 3 compares the optimal normalized weights for four diﬀerent loading conditions obtained by the
optimization methods proposed by the authors and Valdevit et al. (2004). Note that the cell morphology (refer
to Fig. 1) chosen by the authors is less weight eﬃcient than the diamond cell morphology selected by Valdevit
et al. due to the fact that both the weight and heat transfer eﬃciencies are considered in the former cell mor-
phology. Despite the drawback of the proposed cell morphology, the present optimal results are still better
than those of Valdevit et al. due to the superior optimization method and the genetic algorithms employed
by the authors. Note that for the sake of comparison, the material properties and the loading conditions used
in the present calculations are the same as those of Valdevit et al. (2004).Table 3
The minimum normalized weights obtained by the authors and Valdevit et al. (2004, Fig. 7) for four load cases
P2 (Load 1) P2 (Load 2) P2 (Load 3) P2 (Load 4)
Results by the authors 0.00292 0.00586 0.00882 0.0118
Results by Valdevit et al. 0.00375 0.0075 >0.011 >0.015
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An eﬃcient approach for multi-objective optimization of sandwich panels has been established. The opti-
mal dimensions, the local minimum weight and maximum heat transfer eﬃciencies of sandwich panels with
prismatic cores have been evaluated. Moreover, it has been found that sandwich panels with multi-layer cores
outperform those with only one-layer cores in terms of multi-functionality. Some conclusions which provide
helpful guidance to the designs of multi-functional sandwich panels can be drawn as follows:
(1) The state of highest weight eﬃciency occurs in the one-layer case, while that of heat transfer eﬃciency
occurs in the multi-layer case. If both eﬃciencies and the tradeoﬀ between them are taken into consid-
eration, the multi-layer sandwich panels perform better.
(2) There is a turning point in each tradeoﬀ curve, before which increasing the weight of the panel has a
positive eﬀect on the heat transfer performance, and after which the increase of weight has little eﬀect
on the enhancement of the heat transfer performance.
(3) Generally speaking, increasing the weight of the panel enables it to sustain more loads. However, the
increase of weight is more eﬃcient on the enhancement of load sustaining ability at lower heat transfer
eﬃciency level than at its higher level.
(4) The greatest achievable heat transfer eﬃciency is deemed an intrinsic property associated with certain
morphology, and it would not change with the variation of loading conditions.
(5) High ratios of rY/E and kf/ks of the component materials are beneﬁcial to the optimization of the sand-
wich panels.Acknowledgment
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